24. Fakhry C, Westra WH, Li S et al. A Bayesian network meta-analysis comparing concurrent chemoradiotherapy followed by adjuvant chemotherapy, concurrent chemoradiotherapy alone and radiotherapy alone in patients with locoregionally advanced nasopharyngeal carcinoma Background: Given the lack of studies, whether the addition of adjuvant chemotherapy (AC) to concurrent chemoradiotherapy (CCRT) is superior to CCRT alone for locoregionally advanced nasopharyngeal carcinoma (NPC) remains unclear. The main objective of this Bayesian network meta-analysis was to determine the efficacy of CCRT + AC when compared with CCRT alone.
CCRT and RT for LRFS. Though ranking probabilities showed that CCRT + AC was ranked superior to CCRT for OS, LRFS, and DMFS, no significant differences were found between CCRT+AC and CCRT for all outcomes [OS: HR = 0.86, 95% credible interval (CrI) 0.60-1. 16 Conclusions: No significant improvement was found following CCRT + AC compared with CCRT alone. Whether the omission of additional AC can reduce toxic effects without adversely affecting survival in patients with locoregionally advanced NPC should be further explored, in addition to the precise patient status that would benefit from AC following CCRT. Key words: concurrent chemoradiotherapy, adjuvant chemotherapy, radiotherapy, nasopharyngeal carcinoma, network meta-analysis introduction Nasopharyngeal carcinoma (NPC) has uneven worldwide distribution and high prevalence in Southeast Asia and North Africa [1] . Radiotherapy (RT) is the primary treatment modality for early-stage patients, but control of locoregionally advanced NPC with RT alone is usually unsatisfactory [2] .
Combining chemotherapy and RT is a reasonable strategy for improving the prognosis of locoregionally advanced NPC. A recent meta-analysis [3] showed that concurrent chemoradiotherapy (CCRT) was more beneficial for NPC patients than RT alone, while another meta-analysis showed that neoadjuvant chemotherapy effectively enhanced overall survival (OS) and reduced the distant metastasis rate (DMR), and that adjuvant chemotherapy (AC) aided in improving control of the NPC locoregional recurrence rate (LRR) [4] .
The Intergroup 0099 Study (IGS) was the first randomized, controlled trial (RCT) to achieve a significant improvement in the 3-year OS for stage III-IVB NPC patients by adding concurrent-adjuvant chemotherapy to conventional RT [5] . Since then, the National Comprehensive Cancer Network (NCCN) has recommended RT with concurrent-adjuvant chemotherapy for locoregionally advanced NPC. However, there have been serious concerns regarding the applicability of the IGS results, and the outcomes of several RCTs attempting to verify CCRT + AC efficacy were conflicting [6] [7] [8] [9] [10] [11] [12] [13] . Moreover, despite the well-demonstrated efficacy of CCRT for locoregionally advanced NPC, whether adding AC to CCRT is better for locoregionally advanced NPC than CCRT alone has not been confirmed, as we lack trials for direct comparison. To the best of our knowledge, our previous reported study is the first head-tohead trial comparing CCRT + AC with CCRT alone in endemic area, where short-term evaluation found no significant difference between failure-free survival and OS [14] . Therefore, this network meta-analysis is important because it would provide useful information on comparisons of CCRT + AC, CCRT and RT by integrating direct and indirect methods to demonstrate the additional value of AC and to verify its efficacy in treating locoregionally advanced NPC.
materials and methods

statistical analysis
The primary end point of our network meta-analysis was OS; the secondary end points were locoregional recurrence-free survival (LRFS) and distant metastasis-free survival (DMFS). The survival end point results are expressed as hazard ratios (HRs). Traditional pairwise meta-analyses were conducted first. Details on end points and direct meta-analysis are described in the supplementary Methods, available at Annals of Oncology online. Estimated survival curves for OS, LRFS, and DMFS were plotted using the method detailed by Parmar et al. [15] . To address severe acute toxicities (≥grade 3), we compared toxicity rates between CCRT and RT with the χ 2 test.
The network meta-analyses were built in WinBUGS. We applied both the fixed-and random-effects model proposed by Woods and co-workers. Treatment effects were estimated by posterior means with corresponding 95% credible intervals (CrIs), which can be interpreted similarly to conventional 95% confidence intervals (CIs). The main difference between the fixed-and random-effects models is that the latter considers between-study variance, thereby producing wider CrIs, and is preferred in the presence of heterogeneity. We used Bayesian deviance information criterion (DIC) statistics to compare the two models. The DIC provides a measure of model fit that penalizes model complexity, with lower values suggesting a simpler model and differences of 2-5 considered important. The probability of each treatment being the best, second best and third best was estimated based on its posterior probabilities. The Bayesian network meta-analyses results were compared with pairwise meta-analyses results to evaluate inconsistency. Also, significant inconsistency was indicated if node-splitting analysis derived P < 0.05. Details on methods of Bayesian network meta-analysis and associated references are described in the supplementary Methods, available at Annals of Oncology online.
results
eligible studies
During selection (supplementary Figure S1 , available at Annals of Oncology online), we excluded the study by Chen et al. [16] as it involved stage II NPC patients, and excluded the study by Lin et al. [17] for not meeting the eligibility criterion of unpredictable treatment assignment [18] . As Kwong et al. [6] used uracil + tegafur instead of platinum in CCRT, it was excluded from this network meta-analysis, but was included in an additional metaanalysis that did not restrict the agents used, and the results are described in the supplementary Results, available at Annals of Oncology online. Thus, eight studies were considered eligible [5, [7] [8] [9] [10] [11] [12] [13] [14] [19] [20] [21] [22] . The study by Lee et al. was first published in 2005 [8] and updated in 2010 with the 5-year OS data [9] . The same updates were made to the studies of Lee et al. [10, 11] , Chen et al. [12, 13] , Chan et al. [19, 20] , and Zhang et al. and Wu et al. [21, 22] . In the study by Lee et al. [10, 11] , patients were divided into four treatment groups: conventional fractionation (CF); CF with concurrent-adjuvant chemotherapy; accelerated fractionation (AF); and AF with concurrent-adjuvant chemotherapy. The benefit of AF has not yet been confirmed [11] , and the two groups that were treated with AF were excluded as they did not meet our inclusion criterion for the use of CF. There was no betweenstudy effect size heterogeneity in all comparisons for all end points. To determine whether excluding the trial by Al-Sarraf et al. [5] would affect our conclusions on locoregional and distant failures, we carried out direct meta-analyses of LRR and DMR for CCRT + AC versus RT that included that study. The results are expressed as relative risk with 95% CIs using the Mantel-Haenszel method, and the conclusions remained valid (supplementary Figure S3 , available at Annals of Oncology online).
network meta-analysis of efficacy
We established a network to compare CCRT + AC, CCRT, and RT alone (Supplementary Figure S4 , available at Annals of Oncology online). Figure 1 summarizes the multiple treatment meta-analyses results for OS, LRFS, and DMFS. The respective sets of HRs and corresponding 95% CrIs from the fixed-and random-effects models had good consistency despite the relatively wider CrIs of the latter ( Figure 1A , C, and E). Moreover, we confirmed good coherence between direct and indirect comparisons for all end points; node-splitting analysis indicated no significant inconsistency (all P > 0.05). Based on the DIC ( Figure 1A , C, and E), the fixed-effects model fit the data better than the random-effects model, with relatively lower DIC values for all end points (though the differences were all between 1 and 2), indicating that heterogeneity might not be obvious. Furthermore, as both models yielded consistent conclusions, we applied the fixed-effects model for the rest of the study. Except the CCRT and RT LRFS, CCRT + AC, and CCRT outcomes were both significantly better than RT alone. However, CCRT + AC and CCRT shared equivalent efficacy, and there were no significant differences for all treatment outcomes (OS, LRFS, DMFS) ( Figure 1A, C, and E) . Figure 1B , D, and F shows the probability of each treatment being ranked the best, second best, and third best, and the cumulative probabilities for the most efficacious treatments were as follows (OS, LRFS, DMFS): CCRT + AC (84%, 90%, 85%), CCRT (16%, 10%, 15%), RT (0%, 0%, 0%). Supplementary Figure S5 , available at Annals of Oncology online, depicts the estimated survival curves for all end points.
severe acute toxicities Supplementary Table S2 , available at Annals of Oncology online, summarizes the severe acute toxicities (≥grade 3) of the studies included in this network meta-analysis. In the initial phase, severe adverse events occurred more often following CCRT compared with RT alone. No significant differences existed between the CCRT + AC and CCRT arms in the initial phase of the study by Chen et al. [14] . In the adjuvant phase, the commonly recorded severe acute toxicities were neutropenia (14.1%), nausea/vomiting (13.4%), leukopenia (13.3%), and mucositis (12.0%).
additional network meta-analysis
The additional network meta-analysis results, which included the study by Kwong et al. [6] , are described in the supplementary Results, Tables S3 and S4, and Figures S6, S7 , and S8, available at Annals of Oncology online. The conclusions remained valid after including the abovementioned study, but there was effect size heterogeneity in the direct comparisons of CCRT + AC versus CCRT for DMFS.
discussion
Multiple treatment comparison is a powerful method for investigating RCT networks, and has been used for head and neck squamous cell carcinoma [23] . Our Bayesian network metaanalysis is the first study to compare CCRT + AC, CCRT, and RT efficacy for locoregionally advanced NPC through direct and indirect statistical comparisons based on all available information from the included RCTs. As HR was the only summary statistic allowing for both censoring and time to an event, we assessed OS, LRFS, and DMFS with HR and its 95% CI or CrI, confirming good consistency between direct and network metaanalyses of these end points.
Compared with RT alone, CCRT + AC had a significant treatment effect on OS, LRFS, and DMFS; CCRT had a significant treatment effect on OS and DMFS, but did not improve locoregional control significantly. However, there was no significant difference between CCRT + AC and CCRT for all end points, indicating that AC following CCRT did not improve treatment outcome remarkably. All included studies involving AC used the IGS regimen for the adjuvant phase, adopting cisplatin and fluorouracil (PF regimen) as recommended [5] . A phase III study [24] showed that this combination improved the response rate but not the survival rate when compared with either agent individually, indicating that the adjuvant PF regimen may be insufficiently effective for eradicating micrometastases and improving OS in head and neck cancers and NPC. The well-recognized favorable results for CCRT may also have diluted any potential benefit of AC for controlling locoregional recurrence and distant metastases. Moreover, given the acute toxic effects during CCRT, adjuvant therapy compliance was similar (52%-61%) and relatively poor in the CCRT + AC RCT [14] , which may have affected the efficacy of AC. The actual magnitude of the AC survival benefit may also have been reduced due to the toxicities of chemotherapy, possibly successful salvage after relapse, and increased noncancer deaths [8, 10, 12] . As expected, RT ranked worst for OS, LRFS, and DMFS. As for CCRT + AC and CCRT, the former ranked superior to the latter for all treatment outcomes. However, in network meta-analysis, even if the effect size differences among treatments were small and nonsignificant, a probability of treatment ranking would have been produced without a clear statistical meaning. It would be misleading if clinical decisions regarding the therapeutic regimens selected were mainly dependent on it. In fact, CCRT + AC and CCRT did not differ significantly for all outcomes in our study. Also, it was noteworthy that the survival curves for CCRT + AC and CCRT were gradually separated by a slight difference in approximately the first 2-3 years, but later became relatively smoother and closer, with slightly smaller absolute differences at 5 years than at 3 years (supplementary Figure S5 , available at Annals of Oncology online). This trend may have been due to the more common occurrence of locoregional recurrence and distant metastasis in the early years after RT [12] , and it has been hypothesized that AC may only prolong the latency of locoregional recurrence and distant metastasis occurrence instead of improving their long-term control effectively [13] . Overall, a dialectical and comprehensive view on the choice between CCRT + AC and CCRT in the clinic is required. Currently, the 2014 NCCN recommends CCRT followed by AC for locoregionally advanced NPC (Category 2A); CCRT alone is also an option (Category 2B) (http://www.nccn.org/ professionals/physician_gls/pdf/head-and-neck.pdf). The National Cancer Institute also recommends CCRT + AC for locoregionally advanced NPC((http://www.cancer.gov/cancertopics/pdq/ treatment/nasopharyngeal/HealthProfessional). However, the European Society for Medical Oncology recommends CCRT alone for locoregionally advanced NPC, and indicates that the benefit of three cycles of adjuvant cisplatin-fluorouracil is uncertain and that it has a substantial toxic effect [25] . Compared with CCRT + AC, CCRT alone has the following advantages: (i) relatively fewer toxic effects without additional adjuvant therapy; (ii) more satisfactory compliance; (iii) relatively lower expense. Although the CCRT and RT LRFS were not significantly different in our study, improved radiation techniques such as intensity-modulated RT may have compensated for it.
Regardless, a trend toward a higher rate of efficacy for CCRT + AC compared with CCRT alone was observed. Certain patient statuses might therefore benefit most from additional AC following CCRT. The subgroup analysis by Lee et al. [9] showed that among NPC patients with T1-4N2-3M0 disease, CCRT + AC mainly benefited patients with T1-2N2-3 disease. A retrospective study [26] showed that CCRT + AC mainly benefited intermediate-risk patients (T2b-3N0-2M0), with significant benefit in 5-year OS when compared with RT or CCRT alone. Recently, it was reported that unfavorable EpsteinBarr virus DNA response midpoint of RT was an adverse prognosticator for treatment outcome in advanced-stage NPC [27] , and may serve as an indicator for the addition of adjuvant therapy to initial treatment. Overall, CCRT + AC appears to benefit patients who meet certain selection criteria, and further studies are required to define this patient population.
The study limitations also should be acknowledged: extracted all information from published data other than individual patient data, which may have resulted in publication and reporting bias. Some of this unreported individual patient information may have aided better evaluation of the quality of an RCT. Moreover, without access to individual patient data, missing information on certain prognostic factors and end points could have affected our analysis, e.g. LRFS and DMFS were not available in the study by Al-Sarraf et al. [5] . To minimize the risk of bias, we restricted inclusion criteria, searched and reviewed the publications comprehensively, and two independent investigators extracted the data and assessed RCT quality. Excluding the study by Al-Sarraf et al. [5] from the LRFS and DMFS analysis might have affected the validity of our findings, although our conclusions remained valid following additional direct metaanalyses of LRR and DMR that included that trial.
In conclusion, our network meta-analysis shows that there was no significant survival improvement following CCRT + AC when compared with CCRT alone. The long-term follow-up results of our trial [14] , which would be instructive, is awaiting to be reported. Whether the omission of additional AC can reduce toxic effects without adversely affecting survival outcomes for patients with locoregionally advanced NPC should be further explored. In addition, the specific patient statuses that would benefit from AC following CCRT deserve further investigation.
acknowledgements
We thank the anonymous reviewers for their insightful comments and great efforts to improve this manuscript.
